Late Quaternary oxygen (δ 18 O) and carbon (δ 13 C) isotopic records for the benthic foraminifer Uvigerina and the planktonic foraminifer Globigerina bulloides are presented for the upper 20 meters composite depth sediment sequence of Ocean Drilling Program Site 1014, Tanner Basin, in the outer California Borderland province. The benthic oxygen isotopic record documents a continuous >160-k.y. sequence from marine isotope Stage (MIS) 6 to the present day. The record closely resembles other late Quaternary North Pacific benthic isotope records, as well as the well-dated deep-sea sequence (SPECMAP), and thus provides a detailed chronologic framework.
INTRODUCTION
Information on the late Neogene paleoclimatic evolution of the California Borderland is well expressed in the sedimentary record because of the region's high sensitivity to climate change and its known high biological productivity (Emery, 1960; Kennett and Ingram, 1995; Behl and Kennett, 1996; Mortyn and Thunell, 1997) . Tanner Basin is located ~150 km west of San Diego (south of Santa Barbara Basin) within the outer band of the California Borderland basins (Fig.  1 ). This contribution describes the late Quaternary oxygen and carbon isotope stratigraphy and paleoceanography of Tanner Basin, Site 1014 (32°50.046′N; 119°58.879′W) from a depth of 1177 m. The site, being relatively close to the North American continent, experiences high sedimentation rates, which enhance the stratigraphic resolution of paleoclimatic reconstructions. Thus, the site was drilled with the express purpose of examining the late Neogene paleoceanographic evolution of the California Current system in the outer Borderland province.
Tanner Basin is primarily influenced by the southerly flowing California Current ( Fig. 1) (Reid et al., 1958) . The inner edge of the California Current flows along the outer periphery of the Borderland (except during spring) and turns toward the coast near San Diego. The average surface flow in the central portion of the Borderland is the northerly flowing southern California Countercurrent (Fig. 1) . The northern Channel Islands substantially block this flow, and much of the current is diverted to the west, where it merges with the California Current (Lynn and Simpson, 1987) . This results in the formation of a counterclockwise-flowing gyre in the southern California bight (except during spring). The net flow beneath these two currents is the northward-flowing California Undercurrent (Lynn and Simpson, 1987; Reid et al., 1958) .
The strength and location of these currents are determined by ocean-atmosphere interactions over a broad area of the North Pacific Ocean. Predominant northerly winds associated with the seasonal migration of the North Pacific high pressure cell in spring and summer cause strong flow of the California Current to the south; when the northerly winds weaken in winter, the undercurrent strengthens (Pisias, 1978) . This creates two other circulation forces within the southern California margin: wind stress or Ekman transport, which is strongest near Point Conception, and geostrophic flow (pressure gradient) produced by a higher sea level resulting from nearshore warm water in the San Diego region. During spring and summer, the two forces oppose each other, resulting in cyclonic circulation in the re-gion (Winant and Dorman, 1997) . Thus, regional sensitivity of seasurface temperatures (SSTs) to climate change is produced by tight coupling between the atmospheric and surface ocean over the North Pacific.
The southern California margin is composed of the California Borderland and continental slope, viewed as an extension of highly irregular shelf morphology ranging seaward of the true continental slope (Gorsline and Teng, 1989) . At depth, the North Pacific Intermediate Water, with sources in the deep Pacific, flows across sills into the basins of the southern California Borderland. Therefore, bottom waters within these basins reflect intermediate water at the depth of these sills and are further altered by internal processes within the basins (Emery, 1954) . Recent studies have suggested that intermediate waters in the North Pacific underwent large changes during the late Quaternary and appear to play a role in climate change (Kennett and Ingram, 1995; Behl and Kennett, 1996; van Geen et al., 1996) . As a result, it is important to evaluate and understand changes that occurred in intermediate waters in the context of climate change. Ocean Drilling Program (ODP) Leg 167 has provided deep-sea cores from a number of southern California basins. Benthic records from these sites should broaden our understanding of the role of mid-ocean depths in climate change. Because Site 1014 lies near the limit of the Pacific Intermediate Water, it is possible to investigate depths of ventilation switches in the North Pacific during the Quaternary.
METHODS AND MATERIALS
Sampling of Site 1014 for stable isotopic investigations was conducted at moderately high stratigraphic resolution to allow the development of a useful chronological framework for investigators studying the uppermost sections of this site. Four holes were drilled from 1164 to 1167 m, with sequences ranging from 19.5 to 404.4 m recovered from the site. Core recovery was excellent and exceeded 100% because of gas expansion as the sediments contained biogenic methane. Detailed comparisons between magnetic susceptibility, gammaray attenuation porosity evaluator density, and high-resolution color reflectance allowed splicing between cores from the four holes and demonstrated complete recovery of the sequence down to 160 meters below seafloor (Lyle, Koizumi, Richter, et al., 1997) .
Two-centimeter samples of 10 cm 3 volume were taken from Site 1014 at 5-cm intervals for the upper 20 meters composite depth (mcd). The raw samples were disaggregated in warm water, washed over a 63-µm sieve, and oven dried at 50°C. The remaining coarse fraction was split, with one-half to be used for stable isotope analysis and the other half kept intact for archival purposes. Benthic foraminiferal stable isotope analyses were conducted on 194 samples. Approximately eight to 10 clean, entire Uvigerina spp. specimens were picked for benthic isotope analysis at 10-cm intervals in the upper 20 mcd of the site (Table 1) . Uvigerina is a benthic foraminiferal taxon frequently utilized for isotopic stratigraphic studies of marine sediments. It precipitates its test close to oxygen isotopic equilibrium (Shackleton, 1974) and thus provides reliable δ 18 O records. Isotope analysis of the planktonic foraminiferal species Globigerina bulloides was undertaken at 5-cm intervals in the upper 14.5 mcd interval and at 10-cm intervals from 14.5 to 20.0 mcd on 284 samples (Table 1). The δ 18 O of G. bulloides represents surface water conditions since this species lives in the near-surface (0-20 m) (Pak and Kennett, 1997) and tolerates a wide temperature range (6°-26°C) (Thunell and Sautter, 1992) .
Specimens picked for isotopic analysis were cleaned ultrasonically in reagent-grade methanol then dried and roasted under vacuum at 350°C for 1 hr to remove organic contaminants. The samples were reacted in orthophosphoric acid at 90°C with an on-line automated carbonate CO 2 preparation device, and evolved CO 2 was analyzed using a Finningan/MAT 251 light stable isotope mass spectrometer. Instrument precision is 0.09‰ or better for δ
18
O and δ 13 C. All isotopic data are expressed using standard δ= notation in per mil (‰) relative to Peedee belemnite (PDB) carbonate standard. Isotopic analysis is related to PDB through repeated analysis of NBS-19, with values following Coplen (1996) of -2.2 for δ 18 O=and 1.95 for δ 13 C.
STRATIGRAPHY AND CHRONOLOGY
The recovered sequence at Site 1014 provides a continuous Pliocene to Quaternary record of hemipelagic sedimentation underlain by a poorly dated upper Miocene sequence. The upper Quaternary sequence at Site 1014 consists of hemipelagic clay interbedded (every 30 to 120 cm) with nannofossil ooze, with foraminifers throughout (Lyle, Koizumi, Richter, et al., 1997) . Bedding contacts are gradational, and the sediments are slightly bioturbated. An initial well-constrained biostratigraphy and chronology are provided by a combination of calcareous nannofossil, planktonic foraminifer, and radiolarian datums for the upper Pliocene and Quaternary (Lyle, Koizumi, Richter, et al., 1997) . Further chronology is also provided by the paleomagnetic record through the identification of the Brunhes/ Matuyama boundary and the Jaramillo Subchronozone (Lyle, Koizumi, Richter, et al., 1997) .
A more detailed chronology is given using the well-established global changes in the relative abundance of stable oxygen isotopes (SPECMAP) (Martinson et al., 1987) . The benthic oxygen isotope record mainly represents the global removal and storage of the light oxygen isotope ( 16 O) from seawater during cool intervals through major ice-sheet accumulation (and thus sea-level change). A δ 18 O record obtained from the benthic foraminiferal species Uvigerina for the upper 20 mcd of Site 1014 exhibits the familiar sawtooth pattern of the late Quaternary δ 18 O deep-sea records from marine isotope Stage (MIS) 6 to the present (Fig. 2) . Clearly expressed are the glacial maxima (MISs 6 and 2) represented by the highest δ
18 O values (~4.3‰), interglacial MISs 5 and 1 by low δ 18 O values (2.6‰ to 3.6‰), and the climate amelioration of MIS 3 and the glacial MIS 4. The last full interglacial marine isotope Substage 5e (Eemian) is clearly recorded as the warmest interval during the last interglacial. The warm Substages 5a and 5c are well pronounced and are separated by the intervening cooler intervals of marine isotope Substages 5b and 5d (Fig. 3) . A detailed chronology with at least 20 datums for the last 160 k.y. has been established (Fig. 2) by comparison with a globally averaged record whose fluctuations have been well described (Imbrie et al., 1984; Pisias et al., 1984; Prell et al., 1986) and dated with an average error of ±5 k.y. (Martinson et al., 1987) .
Paleoclimatic events at Site 1014 correlated with standard deepsea oxygen isotope chronology are described in Table 2 (Imbrie et al., 1984) . Ages were calculated using linear interpolation between each datum. All stable isotopic values are plotted against kilo years (k.y.) using this standard age model (in standard units of Martinson et al., 1987) . Depths of isotopic events identified in this study (Table 2) are graphically correlated (Fig. 3) with the standard deep-sea oxygen isotopic reference section dated by Martinson et al. (1987) . In this age vs. depth plot, datums deviate only slightly from a straight line, thus supporting the oxygen isotope stratigraphy for Site 1014. Changes in slope between line segments are interpreted to represent changes in sedimentation rate in the core relative to the reference section. Because these changes in slope are slight, it can be assumed that sedimentation rates were relatively constant. This plot also suggests that there are no significant hiatuses or drilling gaps in the upper 20 mcd at Site 1014. These are predictable results since splicing between the four holes drilled was expected to produce the most complete record at the site. Thus, it is demonstrated that sedimentation rates experienced little change in Tanner Basin during the late Quaternary.
LATE QUATERNARY STABLE OXYGEN ISOTOPE RECORD OF TANNER BASIN
The Site 1014 oxygen isotope record of G. bulloides exhibits the familiar climate-related curve for the interval since the penultimate glacial episode (<179 ka) (Fig. 4) . Minimum Holocene δ
18 O values of ~-0.5‰ are similar to G. bulloides δ 18 O records in Santa Barbara Basin (Kennett, 1995) . After these minimum values, the surface waters of the basin appear to cool as δ 18 O values increase (~0.5‰). The maximum δ
18 O values of the last glacial maximum recorded in the surface waters of Tanner Basin were ~2.5‰, which were lower than those recorded in Santa Barbara Basin (~3‰). If we assume no change in salinity, the 3‰ shift in δ 18 O (-0.5‰-2.5‰) would suggest a ~7°C shift in the temperature of surface waters in Tanner Basin (assuming 1°C is equivalent to 0.23‰ δ 18 O [Epstein et al., 1953] 
ysis (Fig. 5). The δ
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O values of this interval are also significantly higher than expected; in particular, the warmest interval of the last interglacial (the Eemian) was 0.8‰ more positive than the Holocene (Fig. 4) . Such values, if correct, would indicate that after correcting for ice volume, last interglacial δ 18 O values were similar to the glacial, suggesting no change in surface water temperature. It is clear, however, that the Eemian was at least as warm as, if not warmer than, the Holocene (CLIMAP members, 1984; Kennett, 1995) . Hence, the Tanner Basin record during this interval was affected by other processes. Our preferred explanation involves the preferential dissolution of thin-shelled specimens, which generally grow at shallower depths and warmer temperatures, biasing the remaining specimens toward higher δ 18 O (and thus cooler temperatures). This conjecture is supported by independent methods of estimating SST such as U k 37 , which suggest that temperatures during marine isotope Substages 5a and 5c were at least as warm as the Holocene and that the Eemian was 3° warmer (Yamamoto et al., 1998) . Another explanation involves the increased abundance of the small morphotype of Gephyrocapsa species, dominant in upwelling regions during warm interglacial episodes. This suggests that upwelling was more intense during these intervals (Yamamoto et al., 1998) . Increased upwelling causing cooler SSTs may not be reflected in the U k 37 temperatures since it has been shown that U k 37 values also vary with nutrient availability (Epstein et al., 1998) . The strongest evidence against the lowering of seasurface temperatures by upwelling is the lack of evidence for cool sea-surface temperatures at other sites in the region during this time interval.
Changes in planktonic foraminiferal δ 18 O at Site 1014 indicate large SST shifts (~7°C) between the last glacial maximum (MIS 2) and the Holocene (MIS 1). Such large shifts are suggested by earlier δ 18 O investigations of the late Quaternary in Tanner Basin, although they were of much lower resolution. Mortyn et al. (1996) found Holocene δ
18 O values of ~0.5‰ to -0.5‰ and glacial maximum δ 18 O values close to 2.5‰ of G. bulloides. Based on these differences and planktonic foraminiferal assemblages (modern analog techniquederived temperatures), it was theorized that SSTs in Southern California were 7° to 8°C cooler during the last glacial maximum (MIS Site 1014 Depth (mcd) Figure 3 . Correlation plot of oxygen isotopic events (datums) recorded at Site 1014 with age in standard units (SU) of the deep-sea oxygen isotopic reference section (Martinson et al., 1987) .
Table 2. Depths of oxygen isotopic events (datums) at Site 1014 and their ages in deep-sea standard reference sequence.
Notes: SU = standard unit (Martinson et al., 1987) . Age data are from Martinson et al. (1987) . 2). In contrast, Kahn et al. (1981) suggested slightly less glacialinterglacial SST change of ~5°C based on a δ 18 O shift from Holocene values of ~0.5‰ and last glacial maximum values of ~2.0‰ in the planktonic foraminifer Globigerina quinqueloba. Temperature estimates based on organic geochemical signals (U k 37 ) produced from Site 1014 also suggest an ~5° temperature change between MIS 3 and the Holocene (Yamamoto et al., 1998) .
Although changes in the benthic δ 18 O record are similar to those of the glacial deep-sea average (Martinson et al., 1987) , the differences appear important. During Termination I, the total shift in δ 18 O between the glacial maximum and the Holocene is ~2‰ (Fig. 6) . It is now well established that changes in oceanic δ 18 O composition during this interval were ~1.1‰ because of deglaciation of the Earth's cyrosphere (Shackleton and Opdyke, 1976) . Thus, 0.9‰ of the shift in benthic δ 18 O must have resulted from temperature and salinity change. Assuming no salinity change and that 1°C is equivalent to 0.23‰ (Epstein et al., 1953) , a temperature change of ~4°C would be indicated. Such a large temperature variation would imply a significant shift in the source of intermediate waters in the North Pacific as previously suggested (Kennett and Ingram, 1995; Behl and Kennett, 1996) . However, this intermediate water temperature change in the Tanner Basin (~1165 m in depth) appears to be too large since modern bottom temperatures are already at ~3.8°C (Emery, 1954) . Nearfreezing waters would have resulted, which is unlikely in a shallow water mass at middle latitudes. Clearly, a salinity change must also have contributed to the benthic δ 18 O shift at Site 1014. As a 1‰ salinity shift is equivalent to 0.5‰ δ 18 O (Craig and Gordon, 1965) , it is possible that a significant salinity increase accompanied a cooler intermediate water source. Bottom temperatures could have been ~2°C because glacial North Pacific Intermediate Water may have had a higher component of Pacific Arctic water during the last glacial maximum (Keigwin, 1998) . A more reasonable 2°C decrease in temperature would leave 0.45‰ of the δ 18 O to be accounted for by a salinity increase of ~0.9‰.
The benthic oxygen isotope record also suggests that there are some differences in the response of benthic δ 18 O to global warming during the Eemian and the Holocene. In particular, the early Holocene δ
18
O values are ~0.2‰ lower than Eemian values (Fig. 6) , implying that bottom waters were warmer or less saline during the early Holocene than during the last interglacial. Furthermore, the duration of the benthic δ 18 O decrease at Termination I was much longer (~10 k.y.) than during Termination II (~5 k.y.) (Fig. 6) .
LATE QUATERNARY CARBON ISOTOPE RECORD OF TANNER BASIN
A number of trends are shown in the planktonic δ 13 C record at Site 1014 (Fig. 4) . The most negative values (~1.2‰) recorded in the basin occur during the warmest intervals of the interglacials (marine isotope Substage 5e and the Holocene). During much of the last glacial, the planktonic δ 13 C record ranges from ~-0.5‰ to ~-0.25‰ but was interrupted by several positive events (~0.1‰). A number of observations can be made about the Site 1014 G. bulloides record compared to other sites on the southern California margin. In Tanner Basin, Holocene δ 13 C values (~-0.7‰) and those of the last glacial (~-0.5‰; Fig. 4 ) are similar to those for Santa Barbara Basin but slightly higher than values from Site 1017. A sharp δ 13 C (~0.5‰) decrease occurred during Termination I (Fig. 4) , similar to Santa Barbara Basin and Hole 1017E records over the same interval. Another negative δ 13 C event lasting ~5 k.y. occurs between 30 and 25 ka and is also found at all three sites (Holes 893A and 1017E; Site 1014).
Thus, it would appear that several regional δ 13 C excursions occurred on the southern California margin. Because these events are not reflected in records of N. pachyderma δ 13 C from Sites 1017 and 893, G. bulloides apparently responded to a species-specific forcing, which may be related to changes in nutrient supply of surface waters or surface-water hydrology. Studies have shown that G. bulloides calcifies in disequilibria with δ 13 C by -2‰ to -4‰, suggesting significant incorporation of metabolic CO 2 into the test during calcification (Sautter and Thunell, 1991) . Thus, environmental information retrieved from the G. bulloides δ 13 C record is limited. However, some evidence shows δ 13 C becomes enriched in response to upwelling, possibly as a result of rapid growth and high metabolic activities influenced by nutrient supply, temperature, and PCO 2 (Sautter and Thunell, 1991; Berger and Vincent, 1986) .
The Tanner Basin benthic δ 13 C record exhibits a general increase (~-1.75‰ to ~-0.75‰) in δ 13 C values during the last 200 k.y. (Fig.  6) . On a smaller scale, a strong correlation between the benthic δ 13 C record and global climate change is exhibited (Fig. 5) at Site 1014. During the last 85 k.y., benthic δ 13 C values were higher by ~0.5‰ during warm intervals (MISs 1 and 3; marine isotope Substage 5a) than cool intervals (MISs 2 and 4) (Fig. 6 ). The opposite relationship is shown during the last interglacial (MIS 5; 130 to 85 ka). Benthic δ 13 C increases to ~-1‰ during the cool intervals (marine isotope Substages 5b and 5d) of the interglacial and decreases to ~-1.5‰ during the warmest episodes (marine isotope Substages 5c and 5e) (Fig. 5) . Further evidence for changes in the bottom-water chemistry of the basin during the last interglacial is provided by indications of increased corrosivity of the bottom water during the cool episodes (Substages 5b and 5d). Although Uvigerina spp. are not considered reliable foraminiferal recorders of deep-water δ 13 C because of infaunal habitat, these results suggest that several processes controlled the relative concentrations of 12 C. Benthic δ 13 C can be affected by several mechanisms. Globally, the δ 13 C reservoir was affected between glacial and interglacial periods by shifts in carbon reservoirs that released more light δ 13 C into the ocean, shifts in the δ 13 C gradient between oceans, and the effect of lower CO 2 concentration on the carbonate ion (Shackleton and Pisias, 1985) . Regionally, the δ 13 C value of North Pacific Intermediate Water would have been affected by changes in ventilation, which allowed increased exchange with atmospheric CO 2 during glacial and stadial times (Behl and Kennett, 1996; van Geen et al., 1996) . Increased surface ocean CO 2 exchange with the atmosphere would have the effect of enriching δ 13 C through processes of both coolwater isotopic equilibrium effects and lower nutrient content as a result of the "newness" of the intermediate water. The length of time a water mass remains isolated from the atmosphere within the deep ocean is related to the quantity of organic material degradation within it, which consumes oxygen and decreases δ 13 C. Finally, locally within Tanner Basin, interstitial waters were possibly low in δ 13 C relative to bottom waters as a result of decay of 12 C-enriched organic matter (Berger and Vincent, 1986) . Thus, higher organic carbon flux should result in higher ∆δ 13 C between bottom waters and the sediment depth in which Uvigerina lived.
Another explanation for the unusual aspects of both the δ 18 Ο=and δ 13 C records of Tanner Basin might be diagenesis. Diagenesis can play an important role in changing the isotopic composition of biogenic calcium carbonate after burial by encrustation of tests by secondarily precipitated calcite. This can bias isotopic paleotemperatures to cooler values (Douglas and Savin, 1978) . The unusually cool last interglacial sea-surface temperatures could perhaps be explained by this process as well as the change in the relationship between benthic δ 13 C and climate. However, diagenesis would affect both planktonic and benthic tests so that both records would show similar trends in isotopic behavior and would mask regional similarities between Tanner Basin and other sites along the southern California margin. This is not the case: the δ 13 C record during marine isotope Substage 5e in Site 1014 is more similar to that of Holes 893A and 1017E than to the Tanner Basin benthic δ 13 C record. Site 1014 benthic δ 18 Ο=does not show the unusual cooling suggested by the planktonic record. Finally, such diagenesis is uncommon in the shallowburied sediments as young as those investigated in this contribution.
LATE QUATERNARY PALEOCEANOGRAPHIC IMPLICATIONS OF THE SITE 1014 RECORD Late Quaternary Sea-Surface Temperatures in the Southern California Margin
Major changes in the surface waters occurred in the southern California margin in response to late Quaternary climate change (Thunell and Mortyn, 1995; Kennett and Ingram, 1995; Sabin and Pisias, 1996; Prahl et al., 1995) , and these changes are reflected at Site 1014 by large δ 18 Ο=shifts (Figs. 4, 5) . Earlier work has also suggested that low SSTs off the west coast of North America during the last glacial maximum were associated with the increased influence of subarctic waters in the region, resulting in the southward displacement of currents and related atmospheric systems (Thunell and Mortyn, 1995; Sabin and Pisias, 1996; Prahl et al., 1995) . Ocean-atmosphere interactions over the North Pacific Ocean determine the strength and location of currents along the California margin (Reid et al., 1958) . It is reasonable to conclude that with the atmospheric reorganization accompanying the formation of large ice sheets (COHMAP members, 1988) and cooler high-latitude SSTs, the relationship would have changed between the California Current and countercurrent. Thus, large inferred temperature shifts between glacial and interglacial in surface waters in Tanner Basin probably resulted from changing dominance of a cooler, intensified California Current relative to the warm countercurrent. As well, countercurrent influence at Site 1014 would be negligible, and SSTs would be much reduced if geostrophic flow created by the surface ocean pressure difference between San Diego and Point Conception was not established during glacial times.
Late Quaternary Productivity
Site 1014 lies in the outermost basins of the California Borderland; consequently, lithogenic input is minor from the nearby continent, whereas biogenic deposition makes the largest contribution to the sediment budget of the basin (Gorsline and Teng, 1989) . Because changes in biogenic sedimentation can be used to estimate changes in productivity, an almost constant sedimentation rate suggests that the deposition of biogenic material did not significantly differ between glacial and interglacial episodes. However, this simple relationship is complicated by several factors. First, the sedimentation rate reflects averaged biogenic deposition as rates are interpolated between datums, so that short-term events are not discernible. Second, carbonate dissolution reduces sedimentation rates by removing deposited biogenic sediment so that increased productivity may be masked. This particularly complicated the record during the last interglacial when deposition of organic material increased (Yamamoto et al., 1998) during marine isotope Substages 5b and 5d as did the severity of dissolution. Yet sedimentation rates remained generally constant.
The benthic δ 13 C record may provide evidence of changes in surface water productivity because the interstitial waters inhabited by the foraminifers are affected by degradation of organic matter. During the cooler substages (5b and 5d) of the last interglacial, organic carbon accumulation increased when benthic δ 13 C values were higher. This result is confirmed by the increased accumulation rates of alkenones (Haptophytes), dinosterol (dinoflagellates) and bishomohopanol (bacteria), and higher plant biomarkers that show similar variations to organic carbon (Yamamoto et al., 1998) . The relationship is opposite to the one expected if benthic δ 13 C were responding to organic material deposition. It appears that there is not a simple relationship between the production of organic material in the surface waters and benthic δ 13 C. The record during marine isotope Substages 5b and 5d is further complicated by an anticorrelation between organic accumulation rate and upwelling indicators. This suggests that episodes of intensified upwelling are not accompanied by increased organic carbon deposition (Yamamoto et al., 1998) .
Attempts at estimating productivity changes on the California Borderland have been published by several authors. Mortyn and Thunell (1997) suggested productivity increases during the last glacial maximum that are 1.5 to 2.0 times greater than the Holocene; they attribute this increase to intensification of the California Current and enhanced upwelling south of 40°N. On the other hand, Berger et al. (1997) observed a significant reduction in opaline deposits in the Santa Barbara Basin, which they attributed to a decrease in estuarine conditions of the North Pacific. It is possible that during glacial episodes, upwelling intensified in the California Current. However, because of the increased contribution of North Pacific sourced Intermediate Water, water being upwelled was nutrient poor, and productivity did not significantly rise. Nevertheless, during interglacials the northern component of Pacific glacial Intermediate Water diminished in relation to old, deep Pacific water. Hence, although upwelling was reduced, surface waters had a higher nutrient content (Behl and Kennett, 1996; van Geen et al., 1996) . Thus, complicating factors of both the North Pacific and Tanner Basin prevent support of significant climate-induced changes in productivity during cool intervals.
Late Quaternary Ventilation of Tanner Basin
The relationship between the benthic δ 13 C record and ventilation of the North Pacific at Site 1014 is complicated. The record (Fig. 6) does not appear to represent changes in ventilation of the basin during the last 85 k.y. but instead follows the global δ 13 C record (Shackleton and Pisias, 1985) with lower values during cool intervals. During the last interglacial (MIS 5), the response of benthic δ 13 C changed, no longer conforming to the global pattern. Consequently, changes in δ 13 C appear to represent a delicate balance between the dominance of the flux of organic carbon at the site, ventilation of the water mass entering the basin, and global carbon isotope production. Benthic δ 13 C might be responding to the age of the deep water mass and the resulting ventilation as mentioned above, where old, poorly ventilated water typically has lower δ 13 C values than newer, well-ventilated water masses. The current paradigm involving North Pacific Intermediate Water suggests that during warmer climates, the water mass becomes increasingly poorly ventilated (Behl and Kennett, 1996; van Geen et al., 1996) ; thus, δ 13 C should be lower. This corresponds to the δ 13 C benthic record of Tanner Basin (Fig. 5) , where δ 13 C decreased during the warm intervals of the last interglacial (marine isotope Substages 5c and 5e). High PCO 2 content-either from old, poorly ventilated water resulting from considerable decomposition of organic material or cool water saturated in CO 2 -enhanced corrosivity of a water mass. However, intervals of corrosion, which punctuate carbonate sedimentation in Tanner Basin during the cool Substages 5b and 5c, are anticorrelated with the ventilation and δ 13 C relationship. Therefore, during cool intervals (marine isotope Substages 5b and 5d) of the last interglacial, PCO 2 levels of intermediate waters were not connected to the ventilation history of the water. Consequently, the Tanner Basin record agrees with others from the California margin (Kennett and Ingram, 1995; Behl and Kennett, 1996; van Geen et al., 1996) , indicating that ventilation of North Pacific Intermediate Water changed in response to climate change.
CONCLUSIONS
•Stable oxygen isotope records from Site 1014 exhibit the familiar sawtooth pattern of late Quaternary climate change.
•A detailed chronology for the last 175 k.y. has been developed based on 20 stable isotope datums (SPECMAP) for Site 1014.
•There are no major hiatuses in the late Quaternary at Site 1014, and sedimentation rates in the basin were almost constant, with average rates of 11.5 cm k.y.
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•The planktonic foraminiferal δ 18 O record shows that the magnitude of the glacial-interglacial temperature change was ~7°C, similar to results from other lower resolution cores from Tanner Basin, and agrees with other southern California margin cores.
•During the last interglacial, the planktonic δ 18 O record was affected by several episodes of dissolution that coincided with cooler marine isotope Substages 5b and 5d.
•Last interglacial planktonic δ 18 O values were higher than Holocene values by more than 0.8‰, apparently not because of cooler temperatures but as a result of the effects of preferential dissolution of thin-shelled specimens.
•The glacial-interglacial change in benthic δ 18 O was unusually large for a water depth of 1165 m, suggesting that both temperature and salinity changed dramatically over this interval in response to switches in the source of the intermediate water mass bathing the site.
•Planktonic δ 13 C values are similar to other southern California sequences and display similar negative excursions during Termination I and late MIS 3. This suggests that these events were regional.
•The benthic δ 13 C record correlated well with the global δ 13 C record during the last 85 k.y., suggesting that ventilation and productivity effects at this location and depth were minor over this interval.
•Between 135 and 85 ka, the benthic δ 13 C record was controlled by ventilation of the intermediate water and was linked to changes in upwelling, organic material deposition, and corrosivity of the bottom water.
•The benthic δ 18 O Holocene record differs from the Eemian by exhibiting a slow decrease in δ 18 O during Termination I, leading to lighter values than the previous interglacial.
